family dinners) among pre-adolescents living in 2 countries with differing economic developmental status and oral health care systems: Turkey and Finland.
Material and Methods

Study Design and Subjects
In spring 2004, a cross-sectional study of Finnish and Turkish pre-adolescents from the 4th, 5th, and 6th grades, aged 10-12 years, was undertaken with questionnaires for pre-adolescents and their mothers, and pre-adolescent oral health data, in Munkkiniemi, a suburb of Helsinki (n = 338), and Kadiköy, a managerial district of Istanbul (n = 611). In Turkey, 2 schools were selected by cluster sampling from high and low socio-economic suburbs to represent the general profile of the Kadiköy district. In Turkey, child education is based on individual fees ranging from low to high in public and private schools, respectively, representing families' low or high socio-economic profile. The representativeness of public and private school for socio-economic status in the present study was described previously [20] . In Finland, 2 primary schools were chosen at random to represent pre-adolescents living in Helsinki; no distinct differences existed in socio-economic profiles. The sample selection was also described previously [20] .
Obesity Facts 2008; 1:196-202 Clustering of Obesity and Dental Health with Lifestyle Factors among Turkish and Finnish Pre-Adolescents 197 Self-administered health behavior questionnaires meant for these preadolescents and their mothers were revised after testing in a pilot study in 2003 on a sample of 4th-grade elementary school pre-adolescents (n = 63) in Istanbul [20] . The Turkish response rate was 95% for the clinical examinations (n = 552; 332 public and 220 private school pre-adolescents), 97% for the health behavior questionnaire for pre-adolescents (n = 591; 345 public and 246 private schools), and 87% for that of the mothers (n = 533; 334 public and 199 private schools). The Finnish clinical examination rate was 65%. Finnish data showed a response rate for pre-adolescents of 65% (n = 221), and for their mothers 53% (n = 180). Boys comprised 51% of the Turkish and 57% of the Finnish population. Ethical approval and written permission were granted to conduct the study, and written informed consent was provided by all the participating mothers and pre-adolescents [20] . Two native speakers translated the questionnaires from English into Turkish and into Finnish to ensure accuracy compared with the original forms in English. The pre-adolescent health behavior questionnaires were completed during class, whereas those for mothers were taken home and returned by the pre-adolescents during the following 2 weeks.
Clinical Examinations
The number of decayed, missing, and filled permanent primary teeth (DMFT) in pre-adolescents was measured by clinical examinations in Turkey and Finland, based on World Health Organization (WHO) criteria [21] . In Finland, children under 18 years of age are entitled to comprehen- sive regular oral health care free of charge, and their dental health records are regularly collected by dentists in the municipal public health centers. Each dentist follows detailed guidelines and treatment decisions outlined by the Helsinki City Health Department according to WHO criteria [21] . For this study, oral health data of Finnish pre-adolescents were taken with permission from the records stored at the Helsinki City Health Department. The clinical examinations in Turkey were carried out in the classrooms 2 weeks before the survey by 2 calibrated pediatric dentists who worked professionally in dental university clinics. The dental examinations, based on WHO recommendations [21] , were performed under field conditions using natural light. The pre-adolescent was seated in a chair with a high backrest; the examiner stood in front of the chair. Plane mouth mirrors and blunt dental probes were used for the examination. Following WHO recommendations, the examiners first recorded caries on dental charts, in terms of DMFT. Those scores for each pre-adolescent were calculated, and lesions were recorded as present when a carious cavity was detected on manual inspection. Of the study group, 10% were re-examined for inter-examiner (0.89) and intra-examiner reliability (0.96 and 0.92) of DMFT, respectively (p < 0.05). DMFT of both groups were dichotomized into healthy (DMFT = 0), and diseased (DMFT > 0) subgroups for further analysis.
Leisure-Time Activity, Lifestyle Factors, and Body Mass Index
These following variables were extracted from the pre-adolescent health behavior questionnaire [20] : leisure time activities; time spent watching TV per school day: less than 2 h (favorable = 1), at least 2 h or more (unfavorable = 0) based on a study by Giammattei et al. [11] ; regularity of family dinners (all family members usually eat dinner together); daily snacking on fruits between meals: yes (favorable = 1), no (unfavorable = 0). The maternal health behavior questionnaire [20] included: consumption of fast food (hamburgers/pizza and French fries), and fizzy drinks by pre-adolescents per week: 'once a week or less' and '2-3 times a week or less', respectively (favorable = 1), and 'more frequently' (unfavorable = 0), based on the recommendations of the Food Pyramid Guidelines [22] ; body mass index (BMI): mothers were asked to measure weight to the nearest 0.1 kg, and height to the nearest 0.1 cm with the pre-adolescents wearing only their underwear and footwear, and standing erect against a wall-mounted measuring tape. Parents were asked not to include any earlier measurements available, and to take new measurements after the arrival of the questionnaires at home. Of the Turkish study group, 10% of mothers were asked to complete again the maternal health behavior questionnaires 2 weeks after cessation of the survey for the measurement of intra-examiner reliability which was 0.78 for height, and 0.74 for weight (p < 0.05). BMI-for-age percentiles (weight in kg/height in m 2 ), developed and used as a growth and nutrition reference by WHO, are dependent on genderand age-specific weight for height charts for ages 5-19 years [23] . According to these charts, 'non-obese', 'at risk for overweight', and 'overweight' were defined, respectively, as 5th percentile < BMI-for-age < 85th percentile, 85th percentile < BMI-for-age < 95th percentile, and BMI-for-age > 95th percentile [18] . The frequency distribution of 'underweight/ undernutrition', defined as BMI-for-age < 5th percentile [24], was small among both Turkish (public and private school pre-adolescents: n = 26 (8%) and n = 7 (3%), respectively; p < 0.05) and Finnish (n = 3 (2%)) pre-adolescents, and was extracted from further data analysis in order to compare non-obese and obese pre-adolescents. The pre-adolescents 'at risk for overweight' and 'overweight' were assigned to the 'obese' group [19] . After extracting stunted pre-adolescents from the data, further statistical analysis was performed according to the question with the lowest response rate, time spent watching TV per school day (Turkish public and private school pre-adolescents: n = 285 and n = 163, respectively; Finnish: n = 171) ( fig. 1 ).
Statistical Methods
Factor analysis was applied to these variables by using principal component analysis and Varimax rotation to analyze the interrelationships and common underlying dimensions among dental health, obesity, and lifestyle factors by classifying these variables into discriminative clusters based on their factorial loadings, ranging from highest to lowest values, among Turkish and Finnish pre-adolescents. Factors were extracted according to meeting the Kaiser criterion of eigenvalue greater than 1. Descriptive statistics, frequency distributions, the contingency coefficient for determining associations between variables, and binary logistic regression were applied. In addition, Chi-square tests by cross-tabulation were applied to compare frequencies, and the corresponding odds ratios (OR) were calculated. Statistical significance was set at p < 0.05. Turkish pre-adolescents were more obese (28%, BMI-for-age ≥ 85th percentile) and had poorer dental health (84%, DMFT > 0) than were the Finnish (20%, 33%; p < 0.05). Turkish public school pre-adolescents, compared to their counterparts in private school, were less obese (22 vs. 39%), but had more dental health problems (92 vs. 73%) (p < 0.001). No association appeared between obesity and dental disease among both Turkish and Finnish pre-adolescents (logistic regression; unadjusted p > 0.05, adjusted for lifestyle factors and leisure time activities p > 0.05). Similarly non-significant differences appeared between Turkish public and private school pre-adolescents (logistic regression; unadjusted p > 0.05, adjusted for lifestyle factors and leisure time activities p > 0.05).
Results
Dental Health And BMI Measures
Lifestyle Factors and Leisure Time Activities
Finnish pre-adolescents were less likely to snack on fruits (OR = 0.61, 95% confidence interval (CI) 0.45-0.84; p = 0.001) than were their Turkish counterparts (table 2) . Turkish pre-adolescents eating fast food more than once a week were more likely to watch TV (36%, 2 h or more/school day) (OR = 1.60, 95% CI 1.04-2.46) and to eat dinners separate from their families (44%, OR = 2.15, 95% CI 1.32-3.50) than were those consuming fast food once a week or less (26%, 27%; p < 0.05). A similar association appeared between increased TV viewing on a school day and drinking fizzy drinks more than 3 times a week among Turkish (OR = 1.51, 95% CI 1.00-2.28; p = 0.051) and Finnish pre-adolescents (OR = 3.06, 95% CI 1.39-6.75; p = 0.009). Turkish private school pre-adolescents were more likely to eat dinner separately (89%, OR = 3.87, 95% CI 2.47-6.06) and to have decreased TV viewing (33%, OR = 1.24, 95% CI 1.08-1.43) than did their public school counterparts (68%, 22%; p < 0.05) (table 2). Both private and public school pre-adolescents eating fast food more than once a week were more likely to drink fizzy drinks more than 3 times a week (96%, OR = 96, 95% CI 24.1-381.1 and 89%, OR = 23.0, 95% CI 12.9-40.9, respectively) than were those consuming it once a week or less (0%, 0%; p < 0.01).
Clustering between DMFT and BMI
Principal component analysis revealed that DMFT was the common contributor to obesity among Turkish and Finnish pre-adolescents (table 3) .
Discussion
Investigation of the interrelation between DMFT and obesity in school-aged children has been controversial. Willerhausen et al. [17] found a positive correlation between high DMFT and obesity, whereas Macek et al. [18] described an inverse re- lationship. In contrast, Pinto et al. [19] found no association. The nature of this association among school-aged children is therefore still obscure, as no other factors influencing it have been measured [19] . No association appeared between DMFT and obesity among Turkish and Finnish pre-adolescents, in line with the earlier finding [19] , but the clustering of these 2 parameters among all pre-adolescents may indicate that obesity and DMFT share some underlying factors, regardless of nationality, socio-economic differences, and differing oral health care systems. The reverse clustering between dental disease (DMFT > 0) and obesity (BMI-for-age ≥ 85th percentile) among Turkish public school pre-adolescents may underlie one type of malnutrition, undernutrition, which is defined by WHO as 'food intake that is continuously insufficient to meet dietary energy requirements' [25] . Dental caries and its consequences dental pain and chronic inflammation restrict the quantity and variety of food eaten [26] , leading to inadequate food intake and undernutrition and therefore to decreased growth (BMI-forage) among children and adolescents [27] . Undernutrition has been found to be more common among children from deprived families [28] . Acs et al. [27, 29] found that young children with high levels of untreated caries are lower in BMIfor-age but catch up to their ideal BMI-for-age after dental treatment [29] . In line with these studies, our Turkish public school pre-adolescents had higher levels of undernutrition and dental disease, and had a lower BMI than their counterparts in private school. In the light of studies by Acs et al. [27, 29] and Popkin et al. [30] , it may be proposed that even though public school pre-adolescents were more likely to be non-obese than their private school counterparts, they may be at risk for 'hidden' obesity; if their diet and dental health improve, they are at increased risk for becoming obese.
Among Turkish private school and Finnish pre-adolescents, the direct clustering between dental disease and obesity along with 'family dinners eaten separately' may be a sign of overnutrition. Overnutrition, another type of malnutrition, is defined as 'a chronic condition where intake of food is in excess of dietary energy requirements by overconsumption of energy-dense, nutrient-poor foods (high in fats and sugars and not enough nutrients), and leisure time activities' [25]. Children not eating regular family dinners are more likely to consume energy-dense, nutrient-poor foods [31] , and to be obese [9] . Further, having family dinners together means more leisure time spent together and allows parents to regulate their children's eating behavior and attitudes, and it reduces the time spent on and hazardous effects of watching too much TV [9] , thus promoting better dental health [14, 16] . Among Finnish pre-adolescents, less TV viewing was clustered positively with consumption of less unhealthy food, in line with earlier studies [13] , and 'family dinners eaten separately' contributed to this clustering. This is in line with the study by Haapalahti et al. [32] that Finnish pre-adolescents eating regular family dinners were more likely to consume healthy foods. A similar protective effect of less TV viewing on positive dietary behaviors was observable among all Turkish pre-adolescents in terms of its contribution to daily snacking on fruits. All Turkish pre-adolescents who were more likely to watch fewer hours of TV snacked more frequently on fruits between meals, most probably due to cultural habits. In Turkey, it is traditional in families to serve fruits after dinner and to regulate the time spent on TV viewing by their children. Among OECD countries, Turkey is the second highest for fruit and vegetable consumption [33] socio-economic differences [34] . Further, these family interaction patterns in terms of dietary habits and TV viewing seemed to contribute positively to the dental health of Turkish pre-adolescents, in line with earlier findings [10, 16] . Although measurement of BMI by self-report may possibly be biased, parent-reported body measurements for adolescents have been reliable and valid [35] . Assignment of Turkish and Finnish pre-adolescents to non-obese and obese groups was based on quite recently developed and published WHO international growth charts [23] , and therefore the classification was standardized. In both countries, dental health data were collected by use of WHO standardized recording criteria [21] . The recording criteria have proven to be a valuable epidemiological tool, since the criteria for assessment of dental health status are practical and reliable under field conditions [21] . The use of such criteria facilitates other comparisons such as the study performed between Denmark and Estonia -one country with and the other without a national dental data bank [36] . Due to the low caries prevalence in Finland, it is doubtful that separate clinical examinations would have yielded more reliable information regarding the present dental health status. The main concern of this study was to assess the clustering between obesity, dental health, and lifestyle factors separately for Turkish and Finnish pre-adolescents and not to compare these 2 countries in terms of explanatory factors for obesity. Therefore, possible small differences in measuring dental health do not contribute as significant confounding factors. The separate clustering of snacking on fruits and unhealthy food consumption (fizzy drinks and fast food), regardless of nationality, may reveal the differing characteristics of these behaviors, as already found by Aaro et al. [37] and classified by the terms health-enhancing and -detrimental behaviors. The limitation of this study is that pubertal stages of the pre-adolescents were not assessed. New scientific evidence shows that childhood obesity induces early puberty [38] . On the other hand, puberty can result in increased probability of higher BMI [39] and DMFT [40] , due to physiological changes during this stage. Therefore, in the present study, the clustering between obesity and dental caries may also underlie the fact that pre-adolescents suffering from obesity and dental disease experience early puberty or regular puberty as a common risk factor. There seems to be a need for follow-up studies considering both the general and dental health of pre-adolescents starting from childhood to identify and improve their health status.
Conclusion
Current research underlines the fact that children with high levels of dental disease -especially in developing nations with a range of socio-economic profiles -should be studied based on stratification by these profiles, because the negative consequences of higher caries rates among children with low socioeconomic status may lead to undernutrition and foretell an increased risk for obesity. Among children of better socio-economic status, both in developing and developed nations, poor dental health seems to indicate overnutrition. DMFT may be interpreted as a proxy for energy intake, in line with the earlier studies [41, 42] , revealing that energy intake might be more important than energy expenditure. Regardless of socio-economic and cultural differences, economic developmental status, and countries' differing oral health care systems, family interaction patterns, in terms of family dinners and TV viewing habits, seem to have a positive effect on the dietary habits and dental health of pre-adolescents; these therefore may also affect obesity patterns. As a conclusion, both medical and dental examinations of any pediatric patient should include BMI, leisure time activities, and dietary habits of pre-adolescents as well as socio-economic status. Further, the pre-adolescents' general and dental health should be supported by holistic health promotion strategies, including the empowerment of families to adopt healthy lifestyles, both in economically developing and developed countries. 
